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FOR PREDICTING GROWTH OF FOREST ST/NDS 2/ 


S. R. Gevorkiantz and Iucille P. Olsen 3/ 


INTRODUCTION 


Foresters, responsible for management of forest tracts or for appraising 
changes in timber supplies, must cope with the problem of volume-growth 
estimations They cannot always base such estimates on periodic remeasure- 
ments of stands. Commonly they estimate growth from increment-core 
measurements, but some of the methods in use are only rough approximations 
and others are too complex and time-consuming. 


Proposed is a method of estimating growth which has proved to be reliable and 
yet requires @ minimum of office and field work. To use it, only a rudimentary 
knowledge of statistical procedures is necessary. The method can be applied 

to both large and small areas and, with some modifications, can be used to 
obtain results directly in the field. With it comparisons of local or species 
differences are easily made. 


GENSRAL FROCHDURSS AND MEASUREMENTS REQUIRED 


Briefly stated the proposed method uses the principle of stand projection but 
Without the intricate bookkeeping adjustments often associated with stand 
projection. 


The application of the method requires first, the preparation of stock tables 
showing volumes by tree diameter classes. On large surveys such tables cre 
usually prepared for each separate condition, such as type, size class of 
stand, and possibly each density class. it is also necessary to know the 
humber of trees in the diameters just below merchantable size in order to 
estimate ingrowth on trees expected to become merchantable in the given period 
or time. 


1/ Maintained at University Farm, St. Paul, llinnesota, in cooperation with the 
University of Minnesota. 

2/ Revision. of paper presented at Forest Survey Second Techniques Meeting, 
Eagle River, Wisconsin, September 29 to October 10, 1947. 

3/ Silviculturist and Statistician, respectively. 
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The second requirement is to obtain borings to determine diameter increment 
and total age of sample trees of various sizes taken at random in the area. 
These will be used to estimate the probable future increment in diameter for 
trees of each species and diameter class, The number of borings needed will 
depend on the accuracy desired and the number of condition classes for which 
growth predictions are required. (See appendix for indication of number of 
borings needed.) Sample trees will be used also to estimate average heights 
corresponding to various diameters. 


The third step is to convertthis average diameter growth into growth percent 
in volume. This requires making allowance for height growth and for the fact 
that growth in volume is more rapid than growth in diameter. 


Next, these growth percentages must be applied to the stock tables compiled 
from sample plots, thus obtaining gross increment in volume. 


Finally, net increment is obtained by making deductions for estimated mortality 
and cull losses. Records for these deductions are obtained in the field for 
trees of various species and diameters over some definite period of time, 
usually one to ten years. 


DETERMINATION OF DIAMET=R AND HEIGHT INCREMENT 


Analysis of the data obtained from 2,200 red oak sample trees in southwestern 
Wisconsin indicated a strong correlation of the current diameter increment 
With the average 10-year growth during the life of the tree and with total 
age. ‘The average lO-year growth obviously reflects the combined effect of 
the various growth factors, such as site, crown class, stand density, etc. 

It is high if these factors were favorable, and low if they were unfavorable. 
Since these factors continue to affect the tree to a large degree, a close ~ 
relationship exists between the average 10-year growth and both current and 
future growth. A tree which has grown slowly in the past, barring release, 
Will probably continue to grow slowly during the next 10 years. In even-aged 
stends of intolerant species, diameter increment generally decreases with age, 
and growth for the past 10 years will, as a rule, be smaller than for the 
averége lO-year period. 


Although a. high correlation exists between the past 10 years' growth and that 
for the average 10-year period (henceforth called "decadal growth" in this 
paper), a scatter diagram generally shows considerable varietion of individual 
trees from the trend line. An important measurabie factor causing this 
variation is age. If a curve based on these deviations from the trend line 

is plotted over age, it immediately becomes appercnt that growth estimates 
based on decadal growth only must be increased for the younger trees and 
reduced for the older trees. 


When these two curves have been drawn for a given species, a table can be 
prepared showing 10-year diameter increment for each debehe and age group 
(table 1). A detailed des eription of the process leading to the preparation 
of this table is shown in the appendix. 


The chief advantage of this method is that the decadal growth concept auto- 
matically allows for the effcet of such factors as site, ago, density, ctce, 
Without requiring the intricate harmonization of numerous curves which other=- 
Wise would have to be employed. 
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Table 1.--Future 10-year diameter increment by age and diameter class, 
for fully stocked red oak stands, Wisconsin 
Future l0-year diameter increment when present diameter breast 


ihe height is - 


y 
0) 
n 
Oo 
=] 
ct 


age ee cue 20) G2. "dt 16 ag! 30 ' ee % ea * 26)? ag 
Years inches 

15 1.68 3.56 

20 299 2.15 3.31 

25 67 1.47 2.27 3.07 

30 45 1.02 1.59 2.16 2.73 

35 -36 2811.26 1.71 2.17 

40 £20) 68) 1.06 1,45 1,81 2,19 

45 259 .92 1.25 1.58 1.91 2.24 

50 Pi eei tea teA9i 1.70) 2.00 2.30 

55 - 147 474 1,01 1.28 1.55 1.81 2.08 2.35 

60 rer eo2 a, 17 1,43, 1,67 1,91) 2.16 2.40 

65 -38 .61 .84 1.07 1.30 1.54 1.77 2.00 2.23 2.46 

70 557 «76 1,00 1,21 1.42 1.63 1.84 2.06 2.27 2.49 

30 Mei 267 1.86 1.05 1.24 1,45 1,62 1.81 2.00) 2.19 2.38 2656 
90 mas 860177  695/-1,10 1.27 1.44 1.60 1,77 1.94 2611 2,27 
100 $55 166 285 498 1.14 1.29 1,44 1.59 1,74) 1.90 2,05 
110 547.61) 075 469 1,03 1.17 1,31 1.45 1.56 4.73 1.87 
120 Msi i55 466 481.04 1506 1.19 1.2 144-1657 1.70 
130 PEO Ree ave ge6\ sos 110 tuer ikea dete disp 
140 547 158) 669 480) 90 1.02 11s dlealiese, dade 
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In a cover type composed of several species, the proposed method of determining 
diameter increment should be applied to each species for which sufficient data 
are available. One or several can be considered key species, to which the 
growth of minor species can then be compared. This can be done by plotting the 
recorded last 10 years' increment of a minor species over the increment for the 
key species for the same age and diameter. The resulting curve would indicato 
the correction factor to be epplied. If ths points line up below the 45-degree 
trend, then a4 reduction must be made for slower growth. If the points are above 
the 45-degree trend, allowancc must be made for faster growth. If the points 
scatter below and above the line, the minor specics can be considered 4s grow-= 
ing at the same rate as the key species. 


Any cutting or release adds more variability to the trend line of the last 10 
years' diameter increment plotted over decadal growth. If such cuttings are 

not concentrated or do not extend over large territories, their cffect is 
absorbed in the record of the increment cores obtaincd. The computed increment 
for the next 10 years will apply on the assumption that the same rate of cutting 
is maintained. If, however, the cuttings are restricted and occupy certain 
Knovm blocks in the area, their effect on,these blocks should be determined 

by means of special studies. The proposed method of plotting the diameter 
increment over decadal growth should be applied to the arcas affected separately 
from the undisturbed stands. 
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The determination of volume growth also requires the estimetion of height in- 
crement. It is seldom practical, however, to obtain height increments by 
direct measurement in the field and igdaoee methods are therefore required, 


In uneven-aged stands, where both the diamcters and heights arc correlated 
with age, it is generally assumed that the height-over diameter curve remains 
unchanged over a long period of time. Ther refore, under theso conditions the 
expected increment in height for the period may bo roughly cstimated from a 
height curve derived from sample trce data. The height increment for a given 
d.b.ehe is estimated as the difference between the present height and that 
corresponding to the expected diameter at the end of the period. 


When the height-over-diameter curves change considerably with time, as is the 
ease in cven-aged stands, height increment would be underestimated by this 
method, particularly for the younger stands. Moreover, if the curve is based 
entirely on one age class, estimates for that age class would be especially 
lowe 


A better method of estimating height growth would require the construction of 
a series of height-over-diameter curves, one for cach age classe If such 
curves ere made, the height increment can then be estimated as the difference 
between the readings from present and future age curves. 


This procedure would require a large number of observations. Since such a 
series of age curves will scldom be made, expericnce tables have been deviscd 
for most Lake States species showing expected inerements in both total and 
merchantable heights. They are based on a large number of observations ob- 
tained in conjunction with stem analyses, taper measurements, end growth and 
yield studics. 


Although the increments presented in the tables below are rather generalized, 
they are considcrably more accurate than a single height curve or a scorics of 
curves built up from small samples. 


Table 2.--Expected Expected 10-year increment in total height for various species 
groups and for specified l0-year diametcr increments, by age ay: 


(For Growth in Cubie Feet) 


10-ycar "10-year total height increment at ages- 
diameter’ mh oie 


Species group _— 
vincrement | 20! 30. 40' 50; 60, 80 * "100; 120° 140, *160 


® 
3 
e 
e 
: 


Inches Fect 

Slow-growing group 0.5 SaaS TOES SENN 5 3 i 

(Black spruce, red 1.0 ee A ON ie ae 
oak) 2.0 MO remake ih MsCu ek iA A eB INE se a Oe) 
320 13, 20. 5 8 Ui +) 4 3 3 2 
General group 0.95 Geri Si ile (Gn ayia eek” OAR SO © adie 
(Northern hardwood, ie Leela Sipe 2 eat Leave] <M oS aml Oe "Eee i As 
aspen, jack pine, red 200 a ale tO Es 7 6 4 5 4 4 
pine, balsam fir) 320 1G gas A a Pe ee 
0.95 WAS CAS ala, Wh yy. Be eee a ie 
Fast-growing group 1.0 pe daw. Bee AAAS ON UG Peta es Wa. Ma) Sie 
(white pine) 2.0 ty de wae ae ae’ eM Goh > | ee 
3520 Sen UP. TGS A SSO NT i ea a 


i/ Applicable primarily to average sites. Increase 20 pereent for good 
sites; reduce bv the same amount for poor sitcs. 
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Table 3.--Expected increment _in merchantable height for specified diameter 
increments, by d.beh. class and number of 16-foot logs 1/ 


(For Growth in Board Feet) 


Merchantable height increment according to - 


: $ 
Debebe ; Diameter 3 __Number of 16-foot logs &/ 
increment : Wie a 1-1/2° D) ; 3 : 4." 25 
Inches Feet 
10 1.0 4 8 12 16 
260 8 14 18 22 
440 14 24 30 25 
65 ab 2 2 3 4 
2.0 6) 7 9g lag 14 
4,0 5 10 13 16 21 
20 0 0 ae il 1 2 
1.0 fe) 2 2 2 3 4 
a 200 it “& 9) 6 6 7 
4,0 2 7 8 9 10 12 
00 0 0 0 1 L at 3 
16 1.0 0 iL 1 il 2 3 5 
2.0 @) a a 3 %e) a 7 
4.0 q 6) 1) 4 5 7 10 
Pas) @) @) 0) ) 6) 1 2 
20 1A(G) 0 0 0 0 1 2 3 
220 6) ) 0) 0 2 +) 4 
4.0 @) 0 0 i 6) 4. 6 
Ais) 0) O 6) 0) @) al i 
iA @) @) 0) 0 0 @) a 2 
ve 220 @) 0) 0 ¢) 1 2 3 
4.0 0) @) ) aj! 2 3 4 


aL/ The use of this table is not restricted to any specific period. 
@/ Length to usable top, not less than 8.0 inches inside bark. 


ea 


sic escpamrhsleann a he alae iid Sala 


“ne sepebtieniserir oben 5 ny Aka pi ea hr Ena Gee Ene we wae 


ear J hG eh TN ny cee 
ERIE edi SR Lite pee nage Annis apie, wi ese = elite At i ae ap Ye aR ASU ae 
% ¢ ; ; °: 


a bn,” 


4 es 


6 ie 
there 4é RP Orne peal Mexenions ri 


nile 


eect panic gy Vag gt ay acl 4 ad ait ag ’ 
—) aon * e Seip: il toa 


a a ee ee ee 


increments, by d.bsh. class and number of 8-foot bolts 1 


Diameter 


DK lOplac . 
increment 


ec est #2 8 
ee e28 ec 88 


Inches Inches 


1G 
1.0 

6 2.0 
4.0 

5 

1,0 

2 2.0 
4.0 

5 

1,0 

no 3.0 
4.0 

45 

10 

Le 2,0 
4.0 

5 

F ALO) 

16 2.0 
4.0 

ls 

1.0 

Be 2.0 
4,0 
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(For Growth in Cords) 


Merchantable height increment according to - 


Number of 8-foot bolts 2/ 


it UR SRM ena aL RRM me NM Gig 
Feet 

3 4 
7 9 

13 16 

24. 29 
1 2 Me) dL 
2 4 6 7 
3 6 10 12 
7 at ae 23 | 
0 0 1 2 rd 3 
6) a 3 3) 5 6 
2 4 " 3 10 10 
5 ata alo 14 if) igre 
6) 0) 0 Al 2 2 2 
6) 0 1 2 5 < S 
0) 0 2 3 6 6 a 
il! wT +) 8 10 11 12 
0 0 6) 0) 0 1 2 
0) 0 0) 0 1 2 2 
@) 9 6) al 2 = = 
0 0 a 2 4 6 7 
Miia ee MO ae tae oie A TE ee ee 
0) 6) ) ¢) 0 e) 0 
0 (6) fe) ) @) ¢) ) 
re) @) 0 0 I 2 2 
0 fe) @) 0) 1 2 +) 
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1/ The use of this table is not restricted to any specified period. 
2/ length to a usable top, not less than 4,0 inches inside park. 
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CONVERSION OF DIAMETIR INCREMENT INTO VOIUME GROWTH 


After diameter and height increment have been determined, they must be con- 
verted into volume growth by a’series of steps, the first of which involves 
ealeculation of volume-growth percent. 


Calculation of Volume-Growth Percent 


The current growth percent of any tree in terms of volume, when no change in 
form is assumed, can be computed from the general formula: 


Peete +> where 
D H 
P = growth percent 
d = the expected increment for the period in d.beh. (inches) 
D = the present d.b.eh. (inches) 
h = the expected increment for the period, in merchantable height (feet) 


H = the present merchantable height (feet) 


a and b = factors converting diameter and height increment into tree 
volume increment. 


These a and b factors vary for the different d.b.h. classes and for different 
diameter increments (table 5). 


To illustrate the application of these growth factors in determining volume- 
growth percent for the International rule, the following example may be used: 


Present d.beshe (D) = 20 inches 

Diameter increment (d) = 4 inches 

Fresent merchantable height (H) = 48 feet 
Height increment th) = & feet 


Peon be = 230.5. 4° 1171 3. = 52,9 percent 
D H 20 48 
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Table 5,--Growth factors for determining volume-srowth percent 


FOR CORDWOOD VOLUME 


Rramoter ; Growth factors when diameter growth in inches is - 
nese iO hai aa A. SeOle ue dO. OO sn One 
rhea be a bh! at ot vat pt ea * pt a Fb 
Inches 
6 Wie eeAOnetGe leAt 98 166 (210. 156 ee) Wee 226. 25s. 262 ot 
8 LCCeeiiammmn tAO AIO Tse" 199 148 205) 170 Bion a94 236 s2i9 
10 eel Onmmy a oe NS IG 190 14. 195 159, 198 179 200.299 
12 CO LOlmy oO! LOG 77. 16 1e2. 130 165 244 ise 158 190° 274 
14+ RCA tOpm loon tO. Ll” 96° 175, 130° 178 44  e2 158. 1824 274 
FOR BOARD-FOOT VOLUME, SCRIBNER RULE pape! 
10 SOOM mee S00) LOO, 200), M9 S504 145 Sie W70 ~S26°" 198" 350) aes 
Me Son oO econ FIG. Zo Tie 28d 8132 | 287 154 296 177 ‘Sila. 20k 
14 2GouaCieeaso oe 268 106 270° 122 276 439 285 156 298 L7-4 
16 Ao. S42 259 GO) 50 TOL. 650 1i4 S65) 1e7 J ares 4a “ees 55 
18 Dapeng ssa) 88 248 98 249 110 2535 2h 262 9133 275 Ie6 
20 S3e og eos 86 236. -95 259 05 244 235 252° 126 262 137 
22 SviGgnelearaao. “B40 (256, 92 1257 10. 241 221i. 249° dai 260 Aer 
24 BGA es O54 85 B34 90 254 99 258 108 246 116 255. 226 
26 apo 79 238 68 252 89 232 96-236 104 242 112 250 #0 
28 230 Goa One S250. 87 250 95° 253. 100.258, 107 e4o- 214 
30 DIGG a2. 80 “226.85 228 92 229 97 235 AOS, Boo 26 
40+ 219 Vi eral be) 78 219 gol 249 187, 222 "oe 226 (98 250) 202 
eran oe ee ka os Nt ee ee 
FOR BOARD-FOOT VOLUME, INTERNATIONAL RULE 
10 Sap mes - ese 192 236 109 244 130 256 151 269 174 282 195 
12) paren Ose.) 8G £355 - 10S 240 119 252, 137 265 154 274 TiS 
14 Sage 62) 230. 88 231 lol 257 115 245 180 255 345 265 268 
16 ete ol ee! 1 Sr. e229 99 e254 Tie" 247 “126 9249) 140 259) as 
18 Pee ean “8S 2a" 96 ~ SS > 107 -256> BIS: 245) 151 2a0” 45 
20 Coie eon) 64 224 95) 226 Ol 220) dit (285 —i20 p41 130 
Be 219 Wu Zag Aa 222. (99 e242 99 229 108 254 217 240 es 
24 217 Gu 2 g2 220 89 225 97 228 105 253 BS 259) ize 
26 Biche Gani el 218 98 822 95 227. llo2 252 dito 2ea Fis 
28 213 Woe Sis GO ele 66 221 95 226 99 e251 106 257 Its 
30 pir 98 818 80 215 65 220 91 225 96 230 102 256° 109 


40+ BOs wet, 206 78 209 81 213 85 218 90 224 95 229 100 
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Correction for Form Class 


The a and b factors given above apply specifically to Lake States conditions, 
where the averége run of merchantable timber lies between 10- and 40-inch 


d.b.he and one to four 16-foot logs in merchantable trees and has form classes 
of 75 to 80 (table 6). 


Table 6.--Average form classes for the Lake States timber 


Form class when merchantable height in 


ee number oe 16-foot Bole is - 
height ‘ ili ’ 2 : 3 ; 4 

Inches 
10 80 
12 {7S) 79 
14 78 78 
16 78 78 80 
18 78 ES} 79 80 
20 Vie) = au 78 79 
22 78 Hee 78 79 
24 78 77 77 79 
26 78 We 77 78 
30 78 76 76 78 
34 78 76 76 ve} 
40 78 WS Wo 76 


ee r= a A 

a7 Form class is the percentage ratio between the diameter, 
inside bark, at the top of the first 16-foot log and the 
diameter, outside bark, at breast height. 


When the pattern of form-class distribution by tree sizes differs from that 
shown, correction factors should be applied as follows: 


P, =, ¢ (100 + ?) - 100 


The correction factor (c) has been computed for almost any difference or 
ehanges in form class (table 7). 
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Table 7.--Correction factors to be applied when form classes differ from those 
used in the lake States 


eee eee 


Difference ; : , : ; 
; ' Correction (c) factors when difference in future form class is: 1/ 
in present as a 


form Pees eo an ea. ota, AM ene 

elass 1/: : : : pecans : eters : : 

-5 1.000 1.055 1.071 1.105 1.141 1.176 1,212 1.247 1.282 1.518 1.353 
-4. 966 1,000 1.054 1.068 1.102 1.136 1.170 1.205 1.239 1,273 1.507 
-3 0954 967 1.000 1.033 1.066 1.099 1.152 1.165 1.198 1.251 1.264 
“2 904 .936 .967 1.000 1.032 1.064 1.096 1.128 1.160 1.191 1.223 
-1 0876 .907 2938 .969 1.000 1.051 1.062 1.095 1.124 1.155 1.186 
0 0850 .880 .910 .940 .970 1.000 1.030 1.060 1.090 1.120 1.150 
1 0825 2854 .885 .915 .942 .971 1.000 1.029 1.058 1.087 1.117 
2 e802 2830 2858 .887 .915 .943 .972 1.000 1.028 1.057 1.085 
6) -780 .807 .835 .862 .890 .917 .945 ,972 1.000 1.028 1.055 
4 e759 .786 .813 .839 .866 .893 .920 .946 9735 1.000 1.027 
5 3759 765 «791 .817 .843 .870 .896 .922 .948 .974 1.000 


1/ New form class minus form class given in table 6. 


In the example previously given for determining volume-growth percent, the Lake 
States form class for the present was 78 and for the future 77. If the form 
class at present were 80 rather than 78, and it were assumed to increase to 82 
in the future, then, according to the above table, the present difference would 
be S80 minus 78 or 2, and the future difference would be 82 minus 77 or Se 
Accordingiy, the ¢ factor would be 1.085. Applying the formula given above: — 


P, = 1.085 (100 # 52.9) - 100 = 65.9 
With the correction for form class an accurate growth percent can be obtained 
for any local condition or for individual trees. The forma, therefore, 
could be applied in other regions as well as the lake States. Furthermore, 
the tables of factors for converting diameter and height increment into volume 
growth developed for this method will be useful to all who wish to determine 
forest growth, regardless of the prediction method usede 


Application to Uneven-Aged Stands 


The method can be applied to any breakdown by the survey condition classeSe 
Whether the breakdown is by size class, density, type, etc., or a combination 
of these factors, a knowledge of stand age is required by diameter class. 

The application is simpler, therefore, to even-aged stands. Under conditions 
Where the age varies with d.beh., a curve should be constructed from sample- 
tree data showing average age of cach d.b.h. group in each condition classe 
This would make possible the application of a table of future lo-year diameter 
increment by age and d.behe class (table 1) to uneven-aged stands. 
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Gross growth includes the growth of trees now merchantable plus the volume 
of smaller trees that may be expected to advanee into merchantable size 
elasses during the period of the estimate. 


Growth of Merchantable Trees 


After the stand and stock table has been made, the growth percent is applied 
to each diameter class and the total growth estimated (table 8). 


Table 8.--Calculation of gross growth in board feet (International 1/4- 


ee ee Sr ee + 


medium site 

ae ‘Gross Average ee eee per @roas 

Depelts ° ep {volume * 10-year ‘___cont formula 1/ ___‘growth * volume 
class nee ewes dvameteri 1d) (a |) bh 7 by “percent, gromuhe 
‘ Wocte) jinerement.- D “factor, H (factor: "per acre 
Inches Number Bd. ft. Inches Fercent Ba. ft. 
12 34 2,512 1.42 ell8 232 280 95 54.0 1,248 
14 iil 1,276 1.67 e119 89231 - 188 ONY 45.7 583 
16 6) 554 1.91 e119 8 §=229 « LOS 98 S700 200 
18 1 240 2.16 e120 86228 048 98 S261 file 
Total 49 4,562 ecoe eocoe ece ecee os ecco 2,108 


1/ d = diameter increment, D = present d.bsh.e, h = height increment, H = 
present merchantable height. a and b = factors for converting diameter 
and height increment into tree volume increment (see tablo 5). 


Ingrowth 
Ingrowth may be calculated from a table based upon ihcrement cores, and show- 


ing what percentage of the totel number of trees in any d.b.h. class may be 
expected to advance into larger classes during a given period (table 9). 
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Table 9.--Frobability of troes_ in any 28-inch d.b.h. class srowing into 


- z ~ - ee ee 
larger d.b.h. classes, in relation to their average increment 
in diameter 1/ 


Fortion of total number of trees that will -- 


Average iS eReete 
increment ; Remain in : Grow into indicated larger 2-inch 
in d.beh. Hi same d.b.h. ° cos debehe class 
: class & Next | siSecond s Third | </Mourth 
Inches Percent Percent Percent Percent Percent 
02 100 
04% 100 
06 92 8 
°8 68 32 
1.0 50 50 
1.2 57 63 
1.4 28 (0% al 
1.6 el 75 4. 
1.8 18 73 9 
2.0 15 69 16 
200 10 56 32 2 
3.0 8 4.2 41 
errs) 7 ol 43 17 a 
4.0 6 24 39 25 6 


1/ See page 5 in "Methods of fredicting Growth of Forest Stands," 
Hconomic Note No. 9, April 1938, Lake States Forest Experiment 
Station. 


A stand table (table 10) can be prepared for unmerchantable trees 10 years 
henee by applying the percentage of trees expected to move into higher 
d.beh. classes (table 9) to the present distribution. 


Table 10.--Number of unmerchantable red oak trees that become mer- 


chantabls in 10.years, fully stocked 60-vear-old stand, 
media sive 
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Trees moving ;: 
Average 


ee oe 


D.bdehe a; ae Trees ; into ; Gross volume 
elaiss/  ; gat oe per acre ; merchantable ; acquired 
Mar armies Ge ; 12-inch class; 
Board feet 
Inches Inches Number Number Int'l. 1/4-inch 
6 267 32 None 
Bes 092 66 Mone 
10 eat? 62 38 2,084 
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In the Lake States none of the 6- and 8-inch trees in a 60-year-old red oak 
stand, with the diameter increments of .67 and .92 inches respectively, will 
graduate into the 12-inch class in 10 years time. Of the trees in the 10- 
inch class which have an average increment of 1.17 inches, 62 percent (38 
trees) will graduate into the 12-inch group (table 9). This will ada gross 
volume growth of 2,584 board feet to the merchantable stend, or an annual 
growth of 258 board feet. 


(eee eee See 


To obtain net growth, the gross growth must be reduced to allow for mortality 
and cull losses. In the previous computation it was assumed that no mortality 
would take place and that all trees were essentially sound. The growth was 
allowed on those trees which were expected to die or become more defective 
during the period. Net growth can be computed from the following formula: 


2 G-M- (Voc - Vc.) where 


2 ay 
G = gross growth 
M = mortality 
Vy = present gross volume 
V. = future gross bins 
¢, = cull percent of present gross volume 
Co = eull percent of future gross volume, 


The computation of mortality for merchantable trees is mede from the formula: 


M 


m I + G) where 


m= mortality in percent of gross volume (V,). 


For example, if the present gross volume on merchantable trees is 4,362 board’ 
feet, the annual gross growth is 211 board feet (table 8), and the mortality 
data indicate that the annual mortality is 0.75 percent of the gross volume, 

* the mortality reduction is .0075 (4,362 + 211) or 34 board feet. Again, if 
38 of the 62 trees in the 10-inch class move forward in 10 years into the 12- 
inch class, and mortality studies show that 2 of these trees will die in 10 
years! time, mortality loss is 2 x 68 (the International board-foot volume of 
@ 12-inch tree) or 136 board feet -- approximately 14 board feet annually. 

_ The mortality loss for the stand, therefore, is 34 + 14 = 48 board feet per 
annum. 


In some cases, it may be more practical to allow for mortality losses before 
applying the growth percent. The number of trees per acre (colum 2, table 
8, and column 3, table 10) can be reduced for dead trees and only those ex- 
pected to survive used in the computation of growth. The computed growth 
would then be that on the surviving trees and no mortality volume allowances 
Would need to be made later. 


aoe 


Pn yn bin cache 
Lam ae hoe 


writen. Me 


As a rule the average cull percent of stands increases with age. At age 60, 
the cull of red oak is approximately 10 percent of the gross boerd-foot 
volume; at age 100, it is on the average 16 percent of gross volume; and at 
age 160 the cull percent rises to about 30 (table 11). 


Table 1li.--Average cull percent of merchantable red oak trees by 
age of stand 


Stand age i Cull percent * Stand age Cull percent 
Years BOE Years 

40 8.9 a 100 16.0 
50 od ate 110 18.0 
60 10.0 sills 120 20.2 
70 ee, sipeie 130 226 
80 12.6 sue 140 Padi Ae 
90 14.2 Si ui 150 27.8 

Hs 160 30.6 


If a 60-year-old stand of red oak has defect which is 10 percent of the gross 
volume (including ingrowth), it will have an expected future cull for the 
next year which is 0.12 percent more or 10.12 percent of the future gross 
volume. As mentioned above, the deduction for cull losses is 


For the example given previously, cull losses for both the merchantable trees 
and ingrowth are e 
\4, 362 + (211 + 258) - (34 + 14) | x .l012 - 4,562 x 0.10, or 48 board 
annually. ie 


Net growth is obtained by substracting deductions for mortality and cull 
losses from gross growths In the red oak example this amounts to 


(211 + 258) - (34 + 14) - 48, or 373 board feet. 


ACCURACY OF Tit] GROWIH PREDICTION 


The accuracy of the proposed method for predicting current growth in forest 
stands is dependent upon the intensity of sampling used for obtaining (1) 
stock tebles, (2) diameter and height increment, and (3) reduction for 
Mortality and cull losses. Any errors introduced in these separate phases 
of the work will affect the accuracy of the estimated final net growth. 


SS 


The accuracy of the diameter increment can be controlled easily because it 
depends on the number of borings obtained and the relative variability of 
growth over the erea. The procedure for evaluating sampling errors from all 
the different sources is rather intricate and will not be presented in this 
payer. However, a conservative rule-of-thumb for estimating the number of 
borings needed and the accuracy of gross volume growth is given in the appen- 


dix. This rule-of-thumb will be particularly useful for planning the size of 
sample needed. 


ALPFHEDIX 


Correlation of Diameter Increment with Decadal Growth Index and Age 


This method was used in analyzing the growth of 2,200 red oak trees in south- 
western Wisconsin. By placing the data for cach sample tree on a small card, 
the work of sorting, applying curve readings, and computing was greatly 
facilitated. A detailed description of the process follows: 


1. The decadal growth of each tree was computed, the trees were sorted 
by decadal-growth groups, and the average growth during the past 10 
years was computed for each groupe. These averages were plotted over 
decadal growth, and a trend line drawn (figure 1). The readings for 
growth during the past 10 years were lower than decadal growth. 


2. For each sample tree a first estimate of the last 10 years' growth 
was read off the eurve, and its residual (the difference between the 
reading and the actual past 10 years' growth) was computed. 


3. A calculation of the standard deviation of the actual increment in 
each decadal-growth group showed that more variation existed in terms- 
of inches among the faster growing trees than among slower growing 
ones. Hach group, however, had about the same coefficient of varia- 
tion, that is, the same variation in terms of percentage of its own 
mean. Accordingly, each residual was converted into a percent of the 
first estimate, e.g., the residual for a tree with a past 10 years’ 
increment of 2.5 inches and a first estimate of 2 inches was computed 
as a plus 25 percent, and the residual for a tree with a past 10 years’ 
increment of 1.25 inches and a first cstimate of 1 inch was also 
computed as a plus 25 percent. 


4, The trees were then sorted into age groups, and the average percent 
deviation for each age group was computed. These averages were then 
plotted over age and a curve drawm (figure 2), on which the deviations 
for all trees less than 45 years of age were positive, Whereas the 
deviations for trees over 45 years of age were negative. At 55 years 
of age and over, the curve levels off at the minus 5 percent lince 
The first estimate for all trees in this age group, therefore, should 
be lowered 5 percent. 

NOTE: Since in most cases, the curve of the average growth during the 
past 10 years over the decadal growth (step 1) is a straight 
line, the above procedure can be simplified greatly by the follow- 
ing short cut: Instead of computing residuals for each individual 
tree and averaging their deviation percents, the trees can first be 
sorted by age classes, and the first estimate made from figure 1 
for the average decadal growth computed for cach age groupe The 
difference between this residual and the average actual growth for 
the group (step 2) can then be converted to 4& percentage as indi- 
cated in step 3. ‘This short cut will greatly reduce the amount of 

’ computation since it climinates the necessity of handling the data 

by individual trees. 
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5. To apply these curves, first a table showing decadal growth for cach 
diemeter class and age group Was computed. This table need be set up 
only once and can thereafter be used for any species, c.g, any tree 
10 inches in diameter and 50 years old must always have a decadal 
growth of 2 inches. 


6. For cach of the decadal growth figures computed in step 5, the first 
estimate of the past 10 years’ growth was read from the dccadal 
growth curve (figure 1). 


7. As bark growth was not included in the calculation of increment, it 
was added at this point. (See table 12 for bark factors of the 
species in the lake States.) The correction for age read from figure 
2 and for bark growth was made in one step by multiplying the two 


factors together and applying the result to the first cstimates made 
in step 6. 


Table 12.--Bark factorsY/ tor tree species in the Lake States 


Species ee gt Species moe 

. i egactor.) ” pe * factor 

Ash, black 1,087 % * Hickories 1.087 
Ash, green 1.117 : : Hophornbeam, eastern 2/ 1.100 
Ash, red 1.117 +: : Maple, red 1.076 
Ash, white Ye117 ¢ } Mapic, silver 1.076 
Aspen, quaking 1,096 3 : Maple, sugar 1.096 
Basswood, American 1,104 : : Oaks 1.122 
Beech, American HOLo Gs seine, jack 1.107 
Birch, black 7,099 : 3 Fine, castern white 1 Selly) 
Birch, paper OVO) ss) Line red 1.112 
Birch, yellow 1.087 +: : Poplar, balsam 3/ 1.096 
Cherry, black MOST.) ta boplar. yellow 1,104 
Cottonwood, eastern HO) ) 2s opeuce, Dlack 1.065 
Elms 1.100 +: : Spruce, white 1.065 
Fir, balsam O70 ss Tamarack 1.056 
Hemlock, eastern Meiet 3} 3 Walnut, biack 1.087 
; : : White-cedar, northern 1.099 

: : Willow, black 1.096 


1/ Multipliers for converting diameter increment of wood to total 
diamcter inerement. (Diameter increment of wood x bark factor = 
diameter increment of both wood and bark.) 
2/ Commonly known in the Lake States as ironwood. 
3/ Conmonly known in the lake States as balm of Gilcad. 
Source: "Mcthods of Predicting Growth of Forest Stands," Economic 
Note No. 9, April 1938, Lake States Forest Experiment Station. 
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8, Since this growth had accrued on trees during the past 10 years, the 
diameter 10 years ago Was obtaincd by substracting the increment of 
wood and bark (step 7) from the present diameter. This increment was 
then curved over the past diameter for each age class, and each trend 
line on the graph was labeled according to the age of the.troes 10 
years ago. 4/ 


OO 


9. From these curves a table of future diameter increment by deb.h. class 
and ace group was made (teble 1). 


Rule-of-Thumb for #stimating the Number of Borings 


K\ceded and the Accuracy of Gross Volume Growth 


A ruic-of-thumb for estimating the standard crror of sampling gross volume 
growth for a given size class of timber is shown bclow: 


Ee = eo ei Be where 


BE = the standard error of totel volume growth, in percent 
(including all diameter elasses) 


‘ P= the actual or cstimeted percent of total volume 
in any diameter class 


n = the required number of borings in any diameter 
class, and 


2.25 = a constant 


bf This rule-of-thumb is recommended only for a rough cstimation of sampling 

x error, ‘The method incorporetes the errors of both diametcr and height in- 
erements based on estimated average variability, and assumes that those crror 
Cstimates arc equelly eccuratc. 


i The rule is cspecially useful, however, for estimating the number of borings 
needed and their ellocation by diemeter class whon planning growth studics. 
It requires oniy knowledge of the approximate distribution of volume by 
diffcrent diameter classes. Theo number of borings in any diameter class can 
be estimated in the following manner: 


1. Decide on the percent error desired for the stand. 
Be Divide 225 by the gercent error squarcd. 


a 3. Multiply tho pereent of volumc in oach diameter class by the 
figure obtained in step 2. This is the number of borings 
needed in each class. 


4/ In any future growth studics by this method, it is recommended that all 
sample-tree calculations be based on decadal growth and age és of i0 
years ago. In epplying figure 2 to stand tables, however, estimeted 
growth 10 years nence should be bascd on present age. 
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The following cxample demonstratcs the use of the rule-of-thumb for deter- 
Mining the number of borings necded in a hardwood stand, large saw-timber 
size, where approximately a 10 pereent standard crror of total volume growth 
is desired. 


Table 15.--Estimate of number of borings needed in mn each dia- 
aes lass to Hs a standard oc: crror - of volume _ 


a me a ne eee 


(Large Saw-Timbcr Hardwood Stand.) 


Debeh, : r= percent! Oxf, 


n = number of borings 


total volume (2.25) P) 
Inches 
12 5 Tal 
14 10 i 
al 19 43 
18 ay, 38 
a 1s 40 
é i oe 
24 9 20 
26 8 138 
Total 100 224 


fy) Using the rule-of-thumb: Percont error (10) squared = 
100; 225 divided by 100 = 2.25. 


For a stend with the volume distributed as shown above, a total of 224 bor- 
ings would be required to obtain a standard crror of total volume growth of 
10 percent. The error of volume growth for cach diametcr class wou do) OL 
course, be considerably larger. 


If the above stand comprises a relatively small arca and it is not practical 
to obtain as many as 224 borings, it will be necessary to make several trials 
With higher standard crrors assumed. 
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